Objectives: Study the influence of concomitant arthroscopic procedures and rotator cuff tear (RCT) severity on daily pain intensity and disability after shoulder arthroscopy.
S houlder pain and disability are highly prevalent symptoms among the general population and primary indicators for shoulder arthroscopy. [1] [2] [3] [4] Although both generally improve with surgery, [5] [6] [7] there is a lack of identifiable prognostic factors that put individuals at risk for persistent postoperative pain and disability. For example, preoperative shoulder pain and disability have been traditionally attributed to intrinsic conditions like rotator cuff tear (RCT). 8, 9 RCT severity would, therefore, seem to be a prognostic factor of poor postoperative recovery, as large tears are intuitively more injurious and also require more invasive surgery compared with smaller tears. However, no link exists between RCT severity and postoperative shoulder pain, and only a handful of studies have shown a relationship with postoperative shoulder disability. 10 Moreover, research has suggested shoulder pain and disability can improve independent of changes in RCT integrity after surgery. 11, 12 The role of concomitant surgical procedures in the development of postoperative persistent pain and disability is also underinvestigated. Concomitant procedures are commonly performed during shoulder arthroscopy, 7, 13 and individuals undergoing concomitant procedures have reported similar or even better outcomes compared with individual arthroscopic procedures. [14] [15] [16] [17] However, other studies have reported concomitant procedures to put individuals at risk for higher postoperative disability or longer recovery time. [17] [18] [19] In addition, most studies on concomitant procedures have been modeled for treatment effects (eg, comparison to standard of care), which elucidate group differences in outcome, but does not necessarily quantify the magnitude of influence concomitant procedures themselves have on outcome. Two recent studies examined the postoperative influence of concomitant biceps and acromioclavicular procedures with RCT repair, and both concomitant procedures were found to predict long-term radiographic tendon defects. 20, 21 Although the influence on postoperative pain or disability was not reported, these studies highlight the potential for concomitant procedures to be a prognostic factor of postoperative recovery.
Therefore, the purpose of this study was to assess the prognostic influence of concomitant arthroscopic procedures on short-term (up to 1 y) postoperative pain and disability. To our knowledge, previous studies have not quantified concomitant procedures by procedure number and invasiveness, both of which were performed in this study. In addition, we assessed the prognostic value of concomitant procedures after adjusting for other established preoperative predictors like demographics and pain acuity. Finally, we aimed to compare the influence of concomitant procedures to that of RCT severity, which has inconsistent support as a prognostic factor of recovery. 10 We hypothesized that study results would introduce a novel quantification of concomitant arthroscopic procedures and further elucidate whether intraoperative procedures were a prognostic factor of postoperative pain and disability.
MATERIALS AND METHODS

Sample
Individuals with musculoskeletal syptoms related to the shoulder were seen at university outpatient practice in Gainesville, Florida between 2009 and 2011. Surgical candidacy was determined by poor response to conservative treatment (eg, physical therapy [PT], cortisone injection) and/or diagnostic imaging (eg, radiograph, MRI). Individuals were then screened by one of the authors (W.H.G.) for study eligibility. Individuals were considered if they had reports of pain limited to anterior, lateral, or posterior shoulder and were scheduled for the arthroscopic procedure. Individuals were excluded if they had pain >3 months in another anatomic region; received surgery on either shoulder within 1 year of screening; were diagnosed with systemic conditions affecting the shoulder (tumor, infection); had a fracture diagnosis in the involved shoulder; were previously diagnosed with a chronic pain disorder (eg, fibromyalgia); were undergoing psychiatric management; or had gastrointestinal or renal illness. Eligible participants were consented and scheduled for a baseline study session within 1 week before surgery. Participants then underwent shoulder arthroscopy, and returned for study sessions at 3 months, 6 months, and 1 year postoperatively. This study was approved by the University of Florida Institutional Review Board.
Outcome Measures
The proposed prediction model of postoperative shoulder pain and disability used in this study is illustrated in Figure 1 . Patients provided daily pain intensity and disability report preoperatively (baseline) and 3 months, 6 months, and 1 year postoperatively. For daily pain intensity, patients completed the Brief Pain Inventory Short Form (BPI). 23 The BPI measures items on an 11-point numerical scale, 0 equal to "no pain" and 10 equal to "worst pain intensity imaginable." Present pain intensity and best and worst pain intensity over a 24-hour period were then averaged to calculate daily pain intensity. The BPI is considered a valid and reliable measure of musculoskeletal pain 22, 23 and has been used previously in surgical shoulder studies. 24, 25 Next, patients indicated shoulder disability using the Disability of Arm, Shoulder, and Hand Quick Form Outcome Measure (QuickDASH). The QuickDASH is an 11-item patient-reported measure that rates the ability to perform personal, home, work, and community tasks. The QuickDASH also assesses pain severity, pain interference, and sleep interruption related to the shoulder. Scores range from 0 to 100, with higher values indicative of greater disability. The QuickDASH is deemed a responsive disability measure for orthopedic rehabilitation settings. 26, 27 Prognostic Factors
In addition to the BPI and QuickDASH, patients provided demographic information at baseline. This included age, sex, and shoulder pain duration, which was the number of weeks of shoulder pain from onset to the baseline. At follow-up, RCT severity was also included as a baseline predictor, however, was operationally defined using the intraoperative diagnosis outlined in the operative report. Although the diagnostic accuracy of preoperative imaging (ie, MRI, ultrasound) is well established, we opted for intraoperative diagnosis to maximize detection and classification of all levels of RCTs, including partial tears. 28, 29 Operative reports were examined by 2 separate raters (R.A.C., W.H.G.), and RCT severity was classified anatomically based on the following criteria: partial thickness <50%, partial thickness >50%, small (< 1 cm), medium (1 to 3 cm), large (3 to 5 cm), or massive fullthickness tear (> 5 cm). If conflict arose, the operating surgeon (T.W.W., M.W.M., K.W.F.) was consulted to resolve the conflict. Seven categories (eg, 0 = no tear, 6 = massive full-thickness tear) were established to arrive at a RCT severity score for each individual. To our knowledge, use of 2 raters to ensure tear size agreement has not been reported previously. However, previous prognostic shoulder surgery studies have used surgeon operative report to record data pertaining to tear size. 21 Similar to RCT severity, concomitant procedures were determined using the operative report assessed by 2 separate raters (R.A.C., W.H.G.). Participants underwent one or more procedures involving the acromion or clavicle (acromioplasty, distal clavicle resection), biceps (tenodesis, tenotomy), bursa (bursectomy), capsule (manipulation, release), chondral tissue (chondroplasty), labrum (debridement, repair, capsulorrhaphy), and/or RCT (debridement, repair). If disagreement arose, the operating surgeon (T.W.W., M.W.M., K.W.F.) was consulted to resolve the disagreement. For each anatomic region, participants were either dichotomously coded (yes/no), or for conditions with >2 levels, dummy coded. Next, a concomitant procedure estimate was computed based on number and invasiveness of surgical procedures performed. Surgical procedures with 2 levels (ie, acromion, biceps, bursa, capsule, chondral) were given a score of 1 if in the affirmative. Procedures with >2 levels based on predetermined surgical invasiveness (eg, labral, RCT), were scored based on their dummy-coded value (0 = no procedure; 1 = debridement; 2 = repair). Scores were then added to arrive at the concomitant procedure estimate for each individual. The minimum possible estimate was 1, indicating only 1 procedure was performed. The maximum possible estimate was 9, indicating all 2-level procedures and both labral and RCT repair were performed.
Statistical Analysis
IBM SPSS Statistics software, Version 21 (2012, IBM Corp; Armonk, NY) was used for all analyses. Alpha level was set at P = 0.05. Spearman's rank-order correlation (r) was first used to assess intercorrelation between RCT severity and concomitant procedures. Ordinary least squares regression was then used to calculate univariate (unadjusted) influence of RCT severity and concomitant procedures on postoperative daily pain and disability at 3 months, 6 months, and 1 year. If either factor significantly predicted an outcome, it was then entered into the second block of a hierarchical multivariate regression model to calculate the unique (adjusted) influence (R 2 change) after accounting for age, dummy-coded sex, pain duration, and baseline daily pain or disability (first block); as well as to compare strength of predictors in the total model (standardized b). In the event RCT severity and concurrent procedures both predicted postoperative pain or disability, both factors were entered into the second block of the model. To avoid multicollinearity within the models, a priori cutoff rules were established for intercorrelation (r = 0.70), tolerance (0.20), and variance inflation (4), as have been reported previously. 30 
RESULTS
One hundred forty-five individuals underwent shoulder arthroscopy during the study time frame. Patient intake and outcome characteristics are summarized in Table 1 . A majority of participants were male and were experiencing chronic shoulder pain at the time of surgery. Nearly half of the individuals had a RCT, half of which were full-thickness tears ( Table 1) . Labral repair was the predominant surgery followed by acromioplasty and bursectomy. Frequency of arthroscopic procedures and concomitant procedure estimates are provided in Table 2 . Postoperative pain and disability by follow-up time-point are illustrated in Figure 2 .
As expected, RCT severity and concomitant procedure estimate were moderately and positively correlated (r = 0.635, P < 0.001). Concomitant procedures (R 2 = 0.057, P = 0.009), but not RCT severity (P > 0.05) were associated with daily pain intensity at 3 months ( Table 3 ). The final model explained 27.3% of the variance in 3-month daily pain intensity. After accounting for age, sex, pain duration, and baseline daily pain intensity, concomitant procedures accounted for an additional 3% of the variance in 3-month daily pain intensity. Further, with the exception of baseline daily pain intensity (standardized b = 0.465, P < 0.001), concomitant procedures were the only predictor of 3-month daily pain intensity (standardized b = 0.203, P = 0.036) ( Table 4 ). Unadjusted estimates of RCT severity and concomitant procedures were not associated with daily pain intensity at 6 months or 1 year. Therefore, adjusted estimates were not calculated at these time-points.
Both concomitant surgical procedures (R 2 = 0.067, P = 0.005) and RCT severity (R 2 = 0.057, P = 0.009) were 10 (6.9)
Intraoperative procedures with 2 levels (acromion, biceps, bursa, capsule, chondral) were scored as 1 if in the affirmative. Procedures with >2 levels (labral, rotator cuff tear) were given weighted score (0 = no procedure; 1 = debridement; 2 = repair). Scores then added to calculate concomitant procedure estimate for each individual. associated with disability at 3 months. The final model explained 15.4% of the variance in 3-month disability. After accounting for age, sex, pain duration, and baseline disability, neither factor predicted 3-month disability. Neither unadjusted factor was associated with disability at 6 months or 1 year (Table 3) , and therefore, adjusted estimates were not calculated at these time-points.
A post hoc analysis was performed based on the correlation level observed between RCT severity and concomitant procedures, and to confirm direct influence of concomitant procedures on 3-month daily pain intensity above and beyond RCT involvement. First, a modified concomitant procedure estimate was calculated as previously described, with removal of RCT procedures (debridement, repair). Modified concomitant procedure estimate and RCT severity were not correlated (r = À0.003, P = 0.974). Next, the multivariate model for 3-month daily pain intensity was rebuilt with age, sex, pain duration, and baseline daily pain intensity in the first block; dummy-coded RCT procedure (debridement, repair vs. no repair) in the second block; and modified concomitant procedure estimate in the third block. Only baseline daily pain intensity (standardized b = 0.461, P < 0.001) and concomitant procedures (standardized b = 0.233, P = 0.007) were predictive of 3-month daily pain intensity. Concomitant procedures explained 5% of the variance in 3-month daily pain intensity after accounting for the other factors.
Finally, a post hoc analysis confirmed whether postoperative factors affected the influence of concomitant procedures on 3-month daily pain intensity. Specifically, 113 individuals reported participating in PT at 3 months (mean PT weeks = 10.40, SD ± 3.7). Further, 26 individuals were still using analgesic medication (opioids, NSAIDs, peripheral analgesics) at 3 months. Using analgesic medication (r = 0.182, P = 0.049) was associated with higher 3-month daily pain intensity; however, number of PT weeks was not (r = À0.026, P = 0.781). Analgesic medication was entered into original 3-month daily pain intensity prediction model, however, did not affect the influence of either the original concomitant procedure estimate (R 2 = 0.03; standardized b = 0.203; P = 0.036), or the post hoc modified concomitant procedure estimate (R 2 = 0.05; standardized b = 0.237; P = 0.007).
DISCUSSION
Shoulder arthroscopy incidence is rising exponentially in the United States, [31] [32] [33] yet we continue to have less than optimum means for predicting postoperative recovery. 34 In particular, research has identified few prognostic factors for postoperative shoulder pain intensity and disability. Here, we examined the influence of concomitant procedures and found that higher estimates were associated with higher daily pain at 3 months; even after accounting for age, sex, pain duration, baseline daily pain intensity, and postoperative factors (PT, analgesic medications). Post hoc analyses confirmed that concomitant procedures independent of RCT involvement were predictive of 3-month daily pain intensity. Collectively, these findings corroborate previous research regarding the limited utility of RCT severity for predicting postoperative pain and disability. 10, 12, 34 Finally, it was determined that, with the exception of baseline pain intensity, our models did not predict postoperative pain and disability outcomes beyond 3 months. Concomitant arthroscopic procedures have not been comprehensively examined for postoperative shoulder influence. This may be due to multiple factors, including variability in the number and type of arthroscopic procedures and/or exclusion of concomitant procedures in clinical trials to control for confounding factors. To our knowledge, only 2 papers have examined the prognostic value of concomitant procedures, Nho et al's 20 2-year analysis and Gulotta et al's 21 5-year analysis of rotator cuff repairs. In both studies, concomitant RCT and biceps procedures, or RCT and acromioclavicular procedures were predictive of tendinous defect. 20, 21 Although these findings are novel and relevant, they are not indicative of clinical outcome. In fact, Gulotta et al 21 did not find a relationship between tendinous defect and long-term clinical outcomes. Conversely, we found concomitant procedures to predict short-term clinical outcome. More recent investigations have highlighted the propensity for concomitant procedures to be performed during shoulder arthroscopy. This is important as recent investigation suggests frequency of concomitant procedures to be high. 7, 13 Our sample aligns with this notion as nearly all individuals had at least 2 procedures. Therefore, it is essential for future research to account for the potential influence of such factors when assessing recovery. Introducing a novel means for indexing concomitant procedures is an additional strength of this study, as it is simple and can be further explored in future postoperative prognostic studies.
The strength of influence by concomitant procedures on short-term postoperative pain, although small, was stronger than selected predictors like age, sex, and pain duration; as well as associations with postoperative factors like PT and analgesic medication. In the past, indicators for surgery and postoperative outcomes were commonly attributed to intrinsic pathologic shoulder conditions, like RCT. 1, 4 However, RCT integrity may play a negligible role in primary pain complaints. For example, prolonged preoperative shoulder pain duration or impaired shoulder activity level have been previously considered indicators for surgery when RCTs are present. However, emerging research suggests that neither factor is correlated with the RCT. 35, 36 Fermont et al's 10 recent systematic review of prognostic factors of recovery after RCT repair did not report an association between either preoperative RCT severity or RCT healing and postoperative pain. A similar lack of association has been reported between functional outcome (ie, disability) and healing of the RCT after surgery. 37 In fact, Jost et al's 12 findings are even more perplexing as they report improved pain and disability in the presence of failed RCT repair. If varying levels of postoperative shoulder pain and disability exist (ie, surgical response), yet are not linked to intrinsic pathologic shoulder conditions, then intraoperative factors may be involved. This notion is strengthened by the post hoc analysis, as variance explained by concomitant procedures was increased once RCT procedures were parsed out.
We note that postoperative pain or disability beyond 3 months was not influenced by concomitant procedures. This may be a result of our sample characteristics, as most individuals had low pain and disability at these time-points. In other words, decreased variability in clinical improvement may explain loss of clinical prediction after 3 months. Another possibility is that invasiveness of concomitant procedures resolves by the 6-month postoperative time-point. Whatever the reason, this study showed a weak influence of concomitant procedures on long-term postoperative pain and disability. Manaka et al 38 found that nearly three quarters of individuals undergoing RCT repair achieved functional recovery by 6 months, so it is possible the greatest postoperative pain and disability variability occurs before that time. Nevertheless, it is still possible concomitant procedures factor into long-term recovery for individuals with poorer surgical response, and therefore, should be investigated further. In addition, future research should consider influence on postoperative pain and disability beyond a year, much like previous analyses of RCT integrity.
There are limitations to this study that are priorities of future research. Pain assessment at each time-point covered approximately 24 hours by a recall measure (BPI), which previous research has determined to be a fairly accurate representation of actual pain intensity. 39 However, daily selfreport assessed over several days has been found to be more sensitive, 40 and therefore, should be considered for future prognostic studies of arthroscopic shoulder recovery. Second, while we accounted for number and invasiveness of arthroscopic procedures, we were unable to assess interactions among these procedures. Future research may identify the extent to which certain procedure combinations or procedure by intrinsic condition interactions influence postoperative pain and disability. Third, the concomitant procedure estimate was used in a heterogenous sample of individuals undergoing shoulder arthroscopy, including those with both traumatic and atraumatic intrinsic pathologic conditions. As previously described, however, the impact of such conditions is often equivocal. Further, using a heterogenous sample offers the advantage of increased variability in the concomitant procedure estimate, which theoretically enhances the predictive potential for the index. Nevertheless, future studies may provide insight into the predictive potential of concomitant procedures in a more homogenous sample of conditions. Fourth, the extent to which pain type (eg, inflammatory, neuropathic) moderates the influence of concomitant procedures on postoperative pain intensity should be further examined. 41, 42 Finally, the postoperative prognostic models in this study were comprehensive as both preoperative, intraoperative, and postoperative factors were accounted for. However, future research should also account for preoperative psychosocial factors (eg, pain catastrophizing, anxiety, depression), which have also shown influence on postoperative recovery. [43] [44] [45] Similarly, postoperative factors like occupation or patient satisfaction may influence postoperative pain and disability either directly or through interaction with other factors.
CONCLUSIONS
Findings of this study support previous research suggesting RCT severity is not a prognostic factor of postoperative shoulder pain or disability. In contrast, concomitant arthroscopic procedures may negatively influence short-term postoperative pain intensity outcomes. Future research will elucidate the extent to which concomitant procedures influence postoperative recovery through pathologic and procedural interactions, influence long-term (> 1 y) recovery, and account for additional preoperative (eg, psychosocial) and postoperative (eg, occupational) factors.
